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SPECIFICATION 



1 . TITLE OF THE INVENTION 

LIQUID CRYSTAL DISPLAY PANEL 

2 . SCOPE OF CLAIM 

A liquid crystal display panel wherein liquid crystals, 
are filled between a pair of transparent substrates, the liquid 
crystals being oriented in a semi-parallel manner so that pretilt 
directions of liquid crystal molecules on an interface of one 
of the substrates and pretilt directions of liquid crystal 
molecules on an interface of the other substrate facing the one 
of the substrates can have a positional relationship of 
plane-symmetry relative to a central surface between the both 
substrates, characterized in that an active switching element 
is formed on one of the transparent substrates in a matrix shape 
and a means of controlling an electric field controlled 
birefringence effect of the liquid crystal panel is provided. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[INDUSTRIAL APPLICABILITY] 

The present invention relates to a liquid crystal display 
panel , more particularly to a liquid crystal display panel having 
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a high-speed responsiveness and a wide range of visual angles. 

[DESCRIPTION OF THE RELATED ART] 

A liquid crystal panel (hereinafter, referredtoasTCcell) , 
wherein liquid crystals are filled between a pair of substrates 
facing each other, the liquid crystals being oriented in a 
semi-parallel manner so that pfetilt directions of the liquid 
crystal molecules on surfaces of the both substrates can be 
plane-symmetrical relative to a central surface between the 
substrates, is characterized in achieving a high ON-OFF speed 
in an electro-optical conversion in response to an electric field 
controlled birefringence effect and a remarkably small visual 
angle dependency (Philip J. Bos et al., (1983) Japan Display 
Digest P478) . As an example of an image display method in which 
the foregoing n cell is applied, a method of performing a 
multicolor display , in which a CRT of an electrostatic deflection 
type is used as an input source of image information, on which 
the 7c cell with an electrode provided on an entire surf ace thereof 
and a color polarization plate are disposed, and the ON-OFF 
operation of the n cell is appropriately synchronized with an 
input signal, is available (R. S. Vatneetal. (1983) SID Digest, 
P31) . The foregoing image display method realizes a color 
display taking advantage of the high-speed responsiveness of 
the n cell. 

[PROBLEMS TO BE SOLVED BY THE INVENTION]. 
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However, the n cell only serves as a simple light switch 
for color switching in the foregoing constitution of the image 
display method. In other words, the before-mentioned 
constitution is not as advanced as to realize an image display 
having a high-speed responsiveness and a wide range of visual 
angles through the division of the n cell by pixels. Further, 
the CRT for inputting the image information is required in the 
before-mentioned image display method , which necessarily raises 
the problem that a size of an entire image device is increased. 
Thus, essential advantages of the liquid crystal display, which 
are light weight and thin shape, are not utilized well because 
of the involved problem . 

There is a disadvantage in the n cell as well, that is, 
an immediate optical responsiveness/change with respect to an 
applied voltage cannot be realized, which makes it not possible 
for the 7X cell to be used as a simple matrix panel due to a resultant 
difficulty of a time sharing drive. As described above, 
according to the conventional technology, it was very difficult 
to display the image through the direct application of the 
electrooptic effect of the n cell. The present invention was 
implemented in order to solve the foregoing problems , and a main 
object thereof is to provide a liquid crystal display panel of 
a flat shape capable of directly forming the image by means of 
the electrooptic effect of the n cell and achieving the high-speed 
responsiveness and small visual angle dependency. 
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[MEANS OF SOLVING THE PROBLEMS] 

A liquid crystal display panel according to the present 
invention is characterized in that an electric field controlled 
birefringence effect of a liquid crystal panel {n cell) , wherein 
liquid crystals are filled between a pair of transparent 
substrates , the liquid crystals being oriented in a semi-parallel 
manner so that pretilt directions of liquid crystal molecules 
on an interface of one of the substrates and an interface of 
the other substrate facing the one of the substrates can have 
a plane-symmetrical relationship relative to a central surface 
between the substrates, is turned on/off by an active switching 
element formed in a matrix shape on one of the substrates. 
[OPERATION] 

According to the foregoing constitution of the present 
invention, the liquid crystal display panel of a flat shape can 
be obtained by selectively switching on/off the electrooptic 
effect of the k cell using the active switching element. In 
employing the method in which the active switching element is 
disposed on the transparent substrate in the matrix shape and 
the electrooptic effect of the liquid crystals is switched on/ off, 
a high ON/OFF ratio of an effective voltage applied to a liquid 
crystal layer at a selected point can be achieved, which realizes 
a high contrast and further, can relatively easily increase a 
capacity. A response speed of the ten thousand n cells in an 
electro-optical conversionmode in response to the electric field 
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controlled birefringence effect is faster than that of a twist 
nematic mode by one or two digits , and the visual angle dependency 
of the electro-optical conversion mode is also smaller than in 
the twist nematic mode. Therefore, the flat liquid crystal 
display panel achieving a large capacity and high contrast in 
which the high-speed responsiveness and small visual angle 
dependency as the advantages of the n cell are maximized can 
be obtained by providing the active switching element on one 
of the transparent upper and lower substrates of the 71 cell and 
turning on/off thie electrooptic effect of the n cell using the 
switching element. 
[EMBODIMENTS] 
EMBODIMENT 1 

Fig. 1 shows a structure of a liquid crystal display panel 
according to an embodiment 1 of the present invention and an 
ON/OFF state thereof. 

A polysilicon thin-film transistor (TFT) 6 as a typical 
example of the switching element was formed on a transparent 
quartz glass plate 7 in a matrix shape. A n cell liquid crystal 
panel was formed from the substrate and a transparent glass 
substrate 2 as shown in Fig. 7. The both substrates employed 
polyimide films as orientation films thereof, and were rubbed 
with a cotton cloth and filled with the liquid crystals in a 
vacuum-sealing manner using an epoxy-based adhesive as a sealing 
agent so that the orientation of the liquid crystals on the upper 
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and lower substrates conformed to a direction shown by an arrow 
9 in Fig. 1. In order to obtain the n cell, polarizing plates 
1 and 8 were vertically applied to the cell so that absorption 
axes 10 made the angle of 45 degrees relative to the orientation 
direction 9 . A thickness of the n cell is primarily determined 
depending on a birefringence ratio An of the used liquid crystals . 
The sealed-in liquid crystals are ZLI 2448 (manufactured by Merck 
Ltd . ) and a cell thickness thereof was approximately 5 [jm, however , 
the liquid crystals used in the present embodiment are not limited 
to the foregoing liquid crystals. It is noted that the cell 
thickness is necessarily changed depending on the birefringence 
ratio of the liquid crystals, respectively. 

Next, an optical response property of the n cell resulting 
from the polysilicon TFT was examined. The liquid crystal 
molecules, to which an electric field was applied by the 
polysilicon TFT, rise in a direction of the electric field as 
shown in Fig. 1 (ON state (b) ) . A time length required for the 
rise was 0 . 5 ms . An incident polarized light 11 does not change 
its polarization axis in entering the liquid crystal layer in 
the foregoing ON state (b) . Therefore, in the structure shown 
in Fig. 1, the incident polarized light in the ON state (b) always 
passes through the polarizing plate 8 . In contrast , an OFF state 
(a) shown in Fig. 1 arrives in the absence of the electric field. 
The OFF state (a) is relatively stable though a transient state. 
When the polarized light enters in the OFF state (a) , the 
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polarization axis thereof is rotated by the effective 
birefringence effect of the liquid crystal layer . In the present 
embodiment^ the cell thickness is controlled in such a manner 
that the polarization axis is rotated through 90 degrees. 
Therefore, the polarized light entering in the OFF state (a) 
cannot pass through the polarizing plate 8. A time length 
required for the liquid crystal molecules to rise to the OFF 
state after the electric field was turned off was 24 ms . The 
foregoing two values prove that a speed higher than the speed 
in the light switching of the twist nematic mode is achieved 
in the present embodiment using the same liquid crystals. A 
contrast ratio was 10, which is an acceptable level causing no 
problem in practical use. Further, it was confirmed that the 
visual angle dependency was greatly improved. An image quality 
of the liquid crystal image remarkably improved in the present 
embodiment in contrast to the image display according to the 
conventional twist nematic mode. Next, when a video signal was 
inputted as an image input signal so that the image quality is 
checked, a clear image of a high vision angle generating very 
few flickering could be obtained. It appears that there is very 
few flickering observed in the image because a response time 
length of the liquid crystal molecules is significantly short 
in comparison to a scanning time length of the video signal per 
one field, which is approximately 16 ms . As described, the liquid 
crystal display panel achieving the high-quality image in which 
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the high-speed responsiveness and wide viewing angle property 
of the n cell is fully utilized could be obtained by implementing 
the switching of the n cell by the TFT. 

EMBODIMENT 2 

A polysilicon TFT as a typical example of the switching 
element was formed on a transparent quartz glass plate in a matrix 
shape. A n cell liquid crystal panel was formed from the 
substrate and a transparent glass substrate as follows. A 
transparent oxide film electrode was formed on the transparent 
glass substrate by means of a sputtering method. A SIO film 
was formed on the substrate and the polysilicon TFT substrate 
by means of an oblique deposition method and a cell was formed 
so that pretilt directions of the liquid crystal molecules on 
the both substrates had a plane-symmetrical relationship 
relative to a central angle between the substrates . A 
polysilicon TFT cell was obtained by means of the vacuum sealing 
using an epoxy-based adhesive as a sealing agent . The used liquid 
crystals were ZLI 2243 (manufactured by Merck Ltd.) and a cell 
thickness thereof was 6 |im. An optical response property of 
the liquid crystal panel was examined, results of which were 
0.5 ms as a rising time, 4 . 0 ms as a falling time and 10 as a 
contrast ratio . These values representing the property show 
a remarkable improvement in comparison to the optical response 
property of the conventional active matrix liquid crystal panel 
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of the twist nematic mode. When a video signal was inputted 
to the panel according to the present embodiment as image 
information, a clear image of a wide vision angle with few 
flickering could be obtained. It is assumed that the flickering 
phenomenon was reduced by the acceleration of the optical 
response . 

EMBODIMENT 3 

A polysilicon TFT cell was obtained in the same manner 
as in the embodiment 1. A polarizing plate was applied to only 
one surface (incident-light side) of the panel so that an 
orientation axis and polarization axis of the liquid crystal 
molecules in the panel make the angle of 45 degrees. The panel 
with the polarizing plate attached thereto was used as an image 
input source to manufacture a field sequential color display 
by way of trial in the same manner as recited in the foregoing 
literature (R. S. Vatneetal, (1983) SID Digest P31) . The CRT 
was used\as the input source of the image information in the 
foregoing literature, in contrast to which, a display according 
to the constitution in the present embodiment resulted in a 
considerably flat shape. 

The conventional active matrix color liquid crystal 
display realized a color display using a juxtapos it ional additive 
color mixing by combining a color filter and the electrooptic 
effect of the twist nematic liquid crystals , wherein the display 
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of each RGB was limited to 1/3 of the entire pixels. The 
full-color liquid crystal display according to the constitution 
of the present embodiment is capable of color-displaying the 
display of each RGB by means of a successive additive color mixing 
using the entire pixels. Accordingly, a resolution remarkably 
improved in comparison to the conventional juxtapositional 
additive color mixing. 

[EFFECT OF THE INVENTION] 

As thus far described, the present invention exerts the 
effect that the image of the high-speed responsiveness and wider 
vision angle can be easily obtained by switching on/off the 
electrooptic effect of the n cell using the active switching 
element. In particular, when the video signal is inputted as 
the image input source, a clear image undergoing no flickering 
can be effectively obtained because of a high optical response 
speed. Further, the thin-type liquid crystal color display by 
means of the successive additive color mixing could be realized 
by utilizing the high-speed responsiveness of the TFT n cell. 
It was leant that the resolution of the color image obtained 
in the foregoing color display was remarkably high. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an illustration of a structure of a polysilicon 
TFT 71 cell , wherein (a) shows a state in the absence of an electric 
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field (OFF state) , and (b) shows a state in which an electric 
field is applied (ON state) . 
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(57)Abstract: 

PURPOSE: To easily obtain an image high in 
responsively and wide in visual angle by selectively 
switching the electroptic effect of a tc cell with an active 



switching element. 

CONSTITUTION: The switching element 6 is formed in a 
matrix on a transparent quartz glass plate 7, and it is 
combined with another transparent glass plate 2 to form 
the 7E cell liquid crystal panel. The panel is filled with 
liquid crystals so as to orient them as shown with the 
arrows 9 in the figure. Polarizing plates 1, 8 are applied 
to the outside of both glass plates 2, 7 so as to arrange 
their absorption axes 1 0 at a 45° to the orientation 
direction of the liquid crystals. 
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